Salivary alpha amylase (sAA) has been proposed as a marker of autonomic nervous system activity. Few studies have examined sAA basal activity and reactivity in naturalistic settings, or developmental changes in sAA. In 50 adolescents, diary-reported moods and sAA levels were gathered across two typical weekdays. As in adults, basal sAA levels were low at waking and increased across the day. More advanced pubertal development was associated with higher waking sAA levels; males had smaller sAA increases across the day. High arousal positive emotions (feeling strong, active, excited) were associated with acute sAA increases; high arousal negative emotions (angry, stressed, nervous, worried) predicted sAA increases among youth with high average levels of these emotions. Findings suggest that basal sAA levels increase with puberty, and that acute sAA increases may reflect levels of emotional arousal, including high arousal positive emotions, rather than being specific to stress or emotions of negative valence.
Introduction
Salivary alpha amylase (sAA) is receiving increasing attention as a potential surrogate marker of inter-and intra-individual differences in autonomic nervous system (ANS) activity (Granger, Kivlighan, El-Sheikh, Gordis, & Stroud, 2007) . Salivary cortisol is frequently measured as an indicator of hypothalamic-pituitary-adrenal (HPA) axis activity; the availability of a salivary marker of ANS activity would allow simultaneous measurement, with minimal burden, of the activity of both of these stress-responsive physiological systems.
Salivary alpha amylase levels have been found to increase in response to a wide range of physical and psychological stressors in laboratory studies ). Few studies, however, have examined sAA responses to experiences and emotions in naturalistic settings (Nater, Rohleder, Schlotz, Ehlert, & Kirschbaum, 2007; Strahler, Berndt, Kirschbaum, & Rohleder, 2010; Wingenfeld et al., 2010; Wolf, Nicholls, & Chen, 2008) . In addition, little is known about developmental changes in sAA across adolescence, despite recent interest in pubertal changes in stress physiology (e.g. (Stroud et al., 2009; Susman et al., 2010) .
Although most prior studies have focused on sAA as an indicator of "stress", recent laboratory studies of sAA reactivity have found associations with both negative and positive affective states (Fortunato, Dribin, Granger, & Buss, 2008; Stroud, et al., 2009), and Nater et al. (2007) identified a trend for positive mood states to be associated with sAA levels in naturalistic settings. We propose, based on the circumplex model of affect (Posner, Russel, & Peterson, 2005; Russell, 1980 ) that sAA levels may be related to levels of emotional arousal, regardless of emotional valence.
In this study, we describe, and examine developmental changes in diurnal sAA rhythms in a sample of adolescents in their everyday environments. We then examine associations between adolescents' momentary mood states and their sAA levels measured shortly thereafter, including both negative and positive mood states of high and low arousal. Analyses control for health-related covariates known to influence ANS activity (Bray, 2000; ).
Method Participants
Participants were a subset of 50 adolescents from the Sloan Working Families Study. They were 13 to 19 years of age, and were primarily Caucasian and from college-educated homes. Additional information can be found in a prior report (Adam, 2006) , and in Table 1 .
Procedures and Measures
Participants completed questionnaire reports on health, health behaviors and psychosocial variables. They also provided momentary diary reports of experiences and emotions and saliva samples seven times a day over two typical weekdays. Diary-saliva sample pairs were provided: in the morning immediately after waking, 30 minutes after waking, immediately before bedtime, and four times across the day when signaled by a watch. Since this protocol was originally designed to capture cortisol responses to momentary stressors (Kirschbaum & Hellhammer, 1989) , saliva sampling was lagged 20 minutes behind each diary entry. Although sAA levels both increase and recover in response to stress more quickly than cortisol (Granger, et al., 2007; Takai et al., 2004) , naturally occurring mood states are likely to be less transient than experimentally manipulated mood states, and should therefore still be reflected in sAA levels in the 20-minute post-diary samples.
Based on prior theory and research on the circumplex model of emotion (Feldman, 1995; Posner, et al., 2005; Russell, 1980) , we organized a set of 14 mood state items into four scales based on their valence (positive or negative) and level of arousal/activation. These included: High Arousal Negative (angry, stressed, nervous, worried; α=.80); High Arousal Positive (strong, active, excited; α=.66), Lower Arousal Negative (frustrated, strained, irritable, lonely; α=.73); and Lower Arousal Positive (happy, cheerful, relaxed; α=.67).
sAA was measured from saliva using a kinetic reaction assay that employs a chromagenic substrate, 2-chloro-p-nitrophenol, linked to maltotriose (Granger et al., 2006) at Salimetrics (State College, PA). Intra-and inter-assay coefficients of variation were less than 8% and 6%, respectively. A square root transformation was applied to the sAA data to correct for a strong positive skew.
Data Analysis
A 3-level multilevel growth curve analysis was used to model the diurnal pattern of sAA across the day (including the waking elevation (π 0 ), linear and quadratic changes with time of day (π 1,2 ), and sAA responses to awakening (AAR, π 3 ) at Level 1, and to examine daylevel (e.g. time of waking, at Level 2) and person-level (e.g. gender, at Level 3) factors predicting individual differences in diurnal sAA patterns. Developmental variables, including age, and pubertal stage (Pubertal Development Scale; Peterson, 1988) , and health variables thought to affect sAA (e.g. caffeine and nicotine use, menstrual timing, oral contraceptive use, typical exercise) were included at the person level. Next, the associations between momentary mood states and sAA levels were examined by adding the four mood state scales to Level 1. Level of physical activity at the time of the diary report was also included at Level 1. Finally, whether typical mood state modified associations between momentary mood state and sAA was examined by adding average mood state across all diary reports to Level 3. 
Results and Discussion

Diurnal sAA Pattern
The diurnal sAA rhythm in adolescents followed the same pattern found in adults (Nater, et al., 2007) : low levels in the morning upon waking and a gradual increase across the day (see Figure 1 ). Levels were on average 34.34 U/ml1 on waking (π 0 = 5.86, t=13.06, p=.000), with a positive linear coefficient (π 1 = .71, t=7.92, p=.000) indicating that sAA levels increase at a rate of 12% per hour, and a negative quadratic term (π 2 = −. 041, t=−7.66, p=.000) showing that the sAA increase slows by .7% each hour after waking.
As shown in Table 2 , adolescents with more advanced pubertal development had significantly higher sAA levels at waking; males had smaller sAA increases across the day. The developmental finding parallels other recent studies showing increases in HPA and ANS activity with pubertal development (Stroud, et al., 2009) . In contrast to the Nater et al.
(2007) study of adults, we did not on average find a significant drop in sAA levels in the 1 Original units were obtained by back-transforming (squaring) the coefficient for the average wakeup sAA value. The simple average of raw sAA values at waking is similar (35 U/ml).
first hour post-awakening. However, given our modest sample size, and because the coefficient was in the expected negative direction, further studies should test for the presence of an AAR in adolescence.
Momentary mood
As expected, high arousal mood states were positively related to alpha amylase levels. In particular, within-person increases in high arousal positive mood (feeling strong, active and excited) were significantly associated with increases in sAA, whereas lower arousal positive moods were not (see Table 2 ). High arousal negative mood states (angry, stressed, nervous, worried) were also significantly associated with sAA elevations, but only among youth with high average levels of high arousal negative mood states. Lower arousal negative mood states did not significantly predict sAA. These effects were robust to the inclusion of physical activity at the time of the diary report (see Table 2 ).
Past research has noted associations between sAA and both positive and negative aspects of emotional experience, prompting suggestions that sAA relates to the "predominant affect" of a situation (Fortunato et al., 2008) . However, in our study, only high-arousal mood states were related to sAA elevations; equally or more predominant (see means in Table 1 ) lowarousal positive mood states (e.g. happy, cheerful, relaxed) were not significantly related. Following circumplex models of affect (e.g. Posner, et al., 2005) , we propose that elevated sAA levels may reflect non-specific arousal, which is in turn labeled with a positive or negative valence, depending on trait individual differences and the context. Among youth who do tend to experience anger, anxiety and stress in their daily lives, we observed associations between sAA and high arousal negative mood states. However, in the relatively low threat environments these middle-class adolescents typically encounter, high arousal positive mood states are more commonly observed in relation to sAA. These findings support our "arousal hypothesis", implying that sAA elevations are not simply a marker of stress or distress, but rather an indication of emotional arousal, regardless of emotional valence.
One limitation of our study is the timing of samples in relation to the diary reporting; we used a 20 minute delay, and evidence suggests that sAA responds on a faster time frame (Takai, et al., 2004) . Future research should employ more optimal sample timing.
Conclusion
Our study suggests that diurnal patterns of sAA in adolescents generally follow similar patterns to those found in adults. More importantly, we offer novel evidence that basal sAA levels increase with more advanced pubertal development, and, in everyday settings in response to naturally-occurring mood states, that adolescent sAA levels are associated with high arousal emotional states.
Highlights
• Salivary alpha amylase (sAA) is a marker of autonomic nervous system activity
• We related sAA levels to adolescent diary reports of mood in everyday settings
• Adolescent sAA levels were low in the morning and increased across the day
• Adolescents with more advanced pubertal development had higher basal sAA
• High arousal positive mood states predicted acute increases in sAA in adolescents
• High arousal negative mood states predicted acute increases in sAA for youth with high average levels of these emotions. Average diurnal patterns of salivary alpha amylase and salivary cortisol across the day in a sample of late adolescents. Cortisol data are described further in Adam (2006) . Table 1 Descriptive statistics for participating adolescents. Note: Also includes covariates for oral contraceptive use, menstrual timing, tobacco use, caffeine intake, typical physical exercise, physical activity level at time of diary report.
1
Coefficient reflects the modifying effect of average (trait) levels of high arousal negative moods on the association between momentary (state) negative aroused mood states and sAA.
